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Abstract. ZnO thin films have emerged as an interesting research area owing to its useful 
properties. Recently, lots of attention have been given to doped ZnO with Cu atom due to its 
favourable potential in semiconductor devices. Pure and Cu-doped ZnO (CZO) thin films were 
deposited on the glass, p-GaN/Al2O3 and n-GaN/Al2O3 substrates using radio frequency 
magnetron sputtering of Cu/ZnO alloy target with a ratio of 10/90 at 200 °C. The crystal 
structure, optical properties, surface morphology and electrical properties were investigated by 
using X-ray diffraction (XRD), ultraviolet-visible (UV-VIS) spectrophotometer, atomic force 
microscopy (AFM) and Hall measurement with four-point Van der Pauw configuration 
respectively. XRD analysis showed that single phase ZnO with hexagonal wurtzite structure and 
c-axis orientation was fabricated. The transmittance of all films deposited on glass in the visible 
region were more than 85%. The optical band gap of the films were calculated by using 
transmittance data obtained from UV-VIS spectrophotometer. Optical band gap reduction 
occurred when Cu is introduced into ZnO. Deposited CZO films showed smoother surface 
compare with ZnO films. Hall measurement results revealed that CZO film deposited on n-
GaN/Al2O3 had higher mobility and conductivity than pure ZnO films. 
1.  Introduction 
Gallium nitride (GaN) and zinc oxide (ZnO) have been recognized as semiconductor materials with a 
wide direct band gap of 3.39eV and 3.37eV respectively [1-2]. However, ZnO has larger exciton binding 
energy (60meV) compared to GaN (21-25 meV) which gives an advantage to ZnO to have more efficient 
exciton emission at room temperature. In recent years, ZnO has been deposited on many different types 
of substrates such as glass, silicon carbide (SiC) and mostly sapphire (Al2O3). Even though Al2O3 has 
been widely used as a substrate for ZnO films, the lattice mismatched between them was considerably 
large (18.4%) that can cause a strain misfit in ZnO films. Thus, to overcome the problem, a new substrate 
needs to be searched. Among the candidate, GaN was a potential substrate due to smaller lattice 
mismatched between ZnO and GaN (1.89%). Currently, doped and un-doped ZnO thin films are the 
alternative material for indium and tin oxide based films have been studied extensively due to their high 
potential as a transparent conductive oxide (TCO) in optoelectronic devices and flat panel display [3]. 
Despite all the promising features, the major problem in the development of ZnO was to produce a stable 
p-type conductivity. ZnO experiences a doping asymmetry limitation problem [4] causing a major step 
back in the development of ZnO films. N-type conductivity can be easily produced by doping group 13 
element such as Aluminum (Al) into lattice size of ZnO [5] but it is challenging to dope a p-type. For 
